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FINAL REPORT FOR Contract NO0014-85-K-0631; R&T Code 4134003
EXCITED-STATE PROPERTIES OF SEMICONDUCTOR ELECTRODES AND THEIR
APPLICATION TO OPTICAL ENERGY CONVERSION

Arthur B. Ellis, P!

Over the past seven years we have examined the luminescent properties of a
variety of n-type II-VIl and Ill-V semiconductors. Photoluminescence (PL) from n-CdS,
CdSe, Te-doped CdS (CdS:Te), and graded CdS,Seq_y, in particular, can be affected
by applied potential, when the solids are used as photoelectrodes; and by adsorption
of centain Lewis acids and bases onto the surfaces of the solids.

In a series of papers that are listed as part of this repont, we have used the
adsorption properties of these solids to create a new class of optically-coupled
chemical sensors: since many of the adducts between surface atoms and molecules in
the gas or solution phases are weak and reversible, the PL cnanges respond rapidly
to concentration changes. Thus, the interactions serve as the basis for on-line
chemical sensors. We have constructed a number of these devices using only a light
source, optical fiber, the semiconductor sensor elements, and a light detector. Several
patents, listed in this report, have been awarded for these structures.

in the course of these studies we have demonstrated that the PL effects result
from adduct-modulated changes in the electric field thickness of the semiconductor: PL
changes fit a dead-layer model, the premise of which is that electron-hole pairs formed
within a distance on the order of the depletion width do not contribute to PL.

Time-resolved studies are consistent with this notion: for etched samples, PL
decay curves are unaffected by adsorption. In contrast, PL from cleaved samples does
not fit the dead-layer model and the decay curves are affected by adsorption,
indicating that surface recombination velocity plays a more significant role in these

systems.
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PUBLICATIONS, TECHNICAL REPORTS, AND PATENTS FROM Contract NO0O0O14-85-
K-0631; R&T Code 4134003
Arthur B. Ellis, PI

UWIS/DC/TR-86/1 was published:
“Microcomputer-Controlled Langmuir-Blodgett Dipping Trough,” H. Van Ryswyk, J.M.
Eisenhart, N. Blom, and A.B. Ellis, Rev. Sci. Inst. (1986).

UWIS/DC/TR-86/2 was published:

"Photoluminescent Properties of n-GaAs Electrodes: Simultaneous

Determination of Depletion Widths and Surface Hole-Capture Velocities in
Photoelectrochemical Cells", A. A. Burk, Jr, P. B. Johnson, W. S. Hobson, and A. B.
Ellis, J. Appl. Phys., 59,1621 (1986).

UWIS/DC/TR-86/3 was published:

"Optical Coupling of Surface Chemistry. Photoluminescent Properties of a Derivatized
Gallium Arsenide Surface Undergoing Redox Chemistry”, H. Van Ryswyk and A. B.
Ellis,J. Am. Chem. Soc., 108, 2454 (1986).

UWIS/DC/TR-87/1 was published:

"Optical Probes of Interlameilar Redox Chemistry: Intercalation of the Creutz-Taube
Complex into Hydrogen Uranyl Phosphate”, C. M. Verschoor and A. B. Ellis, Solid
State lonics, 2 2, 65 (1986).

UWIS/DC/TR-87/2 was published:
"Zeolite-Supported Tetramethyl-1,2-Dioxetane: New Pathways to
Chemiluminescence”, B. L. Benedict and A. B. Ellis, Tetrahedron, 4 3, 1625 (1987).

UWIS/DC/TR-87/3 was published:

"Comparison of Reactivity Based on Intercalation and Host Lattice Reconstruction.
Two Routes for the Conversion of the Lamellar Solid Hydrogen Uranyl Phosphate to a
Lamellar Hydrate of Uranyl Phosphate,"G. L. Rosenthal and A. B. Ellis, J. Am. Chem.
Soc. 109, 3157 (1987).

UWIS/DC/TR-87/4 was published:

"Photoluminescent Properties of p-GaAs Electrodes Related to the "Photocurrent X
Anomaly": Determination of Surface Electron-Capture Velocities and Depletion Widths -~ }~ --4
in Photoelectrochemical Celis,” P. B. Johnson, C. S. McMillan, A. B. Ellis, and W. S.
Hobson, J. Appl. Phys., 62, 4903 (1987). ‘ )

UWIS/DC/TR-87/5 was published: R
"A New Class of Chemical Sensors for Gases Based on Photoluminescence from L
Semiconductor-Derived Interfaces,” G. J. Meyer, G. C. Lisensky, and A. B. Ellis, ,
Proceedings of the Electrochemical Society,87, 438 (1987). e




UWIS/DC/TR-88/1 was published:

"An Interlamellar Liebig Titration Based on Photoluminescence. The Reaction of
Silver Urany! Phosphate with Hydrogen Cyanide Gas",G. H. Dieckmann and A. B.
Ellis, Inorg. Chem., 26, 4147 (1987)

UWIS/DC/TR-88/2 was published:

"Solid Solutions of Hydrogen Uranyl Phosphate and Hydrogen Uranyl Arsenate. A
Family of Luminescent, Lamellar Hosts", P. K. Dorhout, G. L. Rosenthal, and A. B. Eiiis,
Inorg. Chem., 27, 1159 (1988).

UWIS/DC/TR-88/3 was published:

"Evidence for Adduct Formation at the Semiconductor-Gas Interface.
Photoluminescent Properties of Cadmium Selenide in the Presence of Amines”, G. J.
Meyer, G. C. Lisensky, and A. B. Ellis, J. Am. Chem. Soc., 110, 4914 (1988).

UWIS/DC/TR-88/4 was puonshed:

"Gallium Phosphide/Gallium Arsenide Phosphide Strained-Layer
Super-Lattice Electrodes. Effect of the Terminating Layer on
Photoelectrochemical Properties”, S. P. Zuhoski, P. B. Johnson, A. B. Ellis, R. M.
Biefeld, and D. S. Ginley, J. Phys.Chem., 92, 3961 (1988).

UWIS/DC/TR-88/5 was published:
"Structural and Photoluminescent Properties of Fully-Hydrated Lanthanon Urany!
Phosphates,” G.L. Rosenthal and A.B. Ellis, J. Less Common Met. 139, 299 (1988).

UWIS/DC/TR-88/6 was published:

"Photoluminescent Properties of Cadmium Sulfide Contacted with Gaseous Lewis
Acids and Bases,” G. J. Meyer, E. R. M. Luebker, G. C. Lisensky, and A .B. Ellis in
"Photochemistry on Solid Surfaces,” M. Anpo and T. Matsuura, Eds. Eisevier, Vol. 4 7 of
"Studies in Surface Science and Catalysis,” Ch. 7.3, p. 388 (1989).

UWIS,ODC/TR-88/7 was published:

“Two Families of Lamellar, Luminescent Solid Solutions: The Intercalative Conversion
of Hydrogen Uranyl Phosphate Arsenates to Uranyl Phosphate Arsenates,” P. K.
Dorhout, G. L. Rosenthal, and A. B. Ellis, Solid State lonics, 3 2, 50 (1989).

UWIS/DC/TR-88/8 was published:

"Photoelectrochemical Properties of Ill-V Isotype Heterojunction Electrodes,” A. B. Ellis,
L. R. Sharpe, S. P. Zuhoski, R. M. Biefeld, and D. S. Ginley, Proc. of the Seventh int'l.
Conf. on Photochemical Conversion and Storage of Solar Energy, J.R. Norris and D.
Meisel, Eds., 255 (1989).

UWIS/DC/TR-88/9 was published:

"Luminescent Properties of Cadmium Sulfoselenide Electrodes Prepared by lon
Implantation”, L. R. Sharpe, A. B. Ellis, and H. Kalweit, J. Electrochem. Soc., 135,
2243, (1988).




UWIS/DC/TR-89/1 was published:

"A Selective Detector for Gas Chromatography Based on Adduct-Modulated
Semiconductor Fhotoluminescence,” G. C. Lisensky, G. J. Meyer, and A. B. Eliis, Anal.
Chem., 6 0, 253! (1988).

UWIS/DC/TR-89/2 was published:

"New Strategies for Display Devices Based on lI-VI Materials”, E. R. M. Luebker, A. B.
Ellis, and H. Kalweit, Proc. of the Society of Photographic Scientists and Engineers, 37
(1989).

UWIS/DC/TR-89/3 was published:

"Semiconductor-Olefin Adducts. Photoluminescent Properties of Cadmium Sulfide
and Cadmium Selenide in tne Presence of Butenes", G. J. Meyer, L. K. Leung, J. C. Yu,
G. C. Lisensky, and A. B. Ellis, J. Am. Chem. Soc. 111, 5146 (1989).

UWIS/DC/TR-89/4 was published:

"Structural, Optical, and Redox Properties of Lamellar Solids Derived from Copper (1)
Complexes and n-Butylammonium Uranyl Phcsphate and Arsenate,” A.T. Jacob and
A.B. Eliis, Inorg. Chem. 28, 3896 (1989).

UWIS/DC/TR-89/5 was published:

“Intercalation Reactions of the Neptunyl (V1) Dication with Hydrogen Uranyi Phosphate
and Hydrogen Neptunyl Phosphate Host Lattices,” PK. Dorhout, R.J. Kissane, K.D.
Abney, L.R. Avens, P.G. Eller, and A.B. Eliis, Inorg. Chem. 28, 2926 (1989).

UWIS/DC/TR-90/1 was published:

"Evidence for Adduct Formation at the Semiconductor-Solution Intertace.
Photoluminescent Properties of Cadmium Selenide in the Presence of Lanthanide
Beta-Diketonate Complexes," C.J. Murphy and A.B.Eliis, J. Phys. Chem. 9 4, 1082
(1990).

UWIS/DC/TR-90/2 was published:

"Electroluminescence Cells Based on the Lamellar Solid Hydrogen
Uranyl Phosphate,” G.R. Dieckmann, A.B. Ellis, and E.E. Hellstrom,
J. Electrochem. Soc. 137, 2331 (1990).

UWIS/DC/TR-90/3 was published:
"Time-Resolved Luminescence of Electron-Hole Pairs in CdSySeq_y

Graded Semiconductors,” J.K. Hane, M.G. Prisant, C.B. Harris, G.J. Meyer,
L.K. Leung, and A.B. Ellis, J. Phys. Chem. 93, 7975 (1989).

UWIS/DC/TR-90/4 was published:

"The Coordination of Mono- and Diphosphines to the Surface of
Cadmium Selenide,” C.J. Murphy and A.B. Ellis, Polyhedron, 9, 1913
(1990).




UWIS/DC/TR-90/5 was published:

"Modulation of the Time-Resolved Photoluminescence of Cadmium
Selenide by Adduct Formation with Gaseous Amines," L.K. Leung, G J.
Meyer, G.C. Lisensky, and A.B. Ellis, J. Phys. Chem. 94, 1214 (1990).

UWIS/DC/TR-90/6 was published:

"Electro-Optical Evidence for the Chelate Effect at Semiconductor
Surfaces,” G.C. Lisensky, R.L. Penn, C.J. Murphy, and A.B. Ellis,
Science (Washington, D.C.) 248, 840 (1990).

UWIS/DC/TR-90/7 was published:

"Structural and Optical Properties of Hydrated, Lanthanon Uranyl
Arsenates,” P.K. Dorhout, D.M. Sabel, A.B. Ellis, M. Martinez-Lara,

S. Bruque-Gamez, J.L. Sanchez-Reina, and L. Moreno-Real, J. Less
Common Metal 156, 439 (1990).

UWIS/DC/TR-91/1 was published:

“Photoiuminescence-Based Correlation of Semiconductor Electric

Field Thickness with Adsorbate Hammett Substituent Constants. Adsorption of Aniline
Derivatives onto Cadmium Selenide,” C.J. Murphy, G.C. Lisensky, L.K. Leung, G.R.
Kowach, and A.B. Ellis, J. Am.Chem. Soc. 11 2, 8344 (1990).

UWIS/DC/TR-91/2 was published:

“Chemical Sensing Applications of Semiconductor Photoluminescence,” E.R.M.
Luebker, L.K. Leung, C.J. Murphy, G.C. Lisensky, and A.B. Ellis, In Biotechnology:
Bridging Research and Applications, D. Kamely, A. Chakrabarty, and S. Kornguth,
Eds., Kluwer Pub.; Dordrecht, The Netherlands (1991).

UWIS/DC/TR-91/3 will be published:

“Structural and Electrical Properties of Titanium-Nickel Films Deposited onto Silicon
Substrates,” K.R. Collen, A.B. Ellis, J.D. Busch, and A.D. Johnson, Proc. Mat. Res.
Soc., Symp. on Phase Transformation Kinetics in Thin Flims (Vol. 230), M. Chen, M.
Thompson, R. Schwarz, and M. Libera, Eds., in press.

UWIS/DC/TR-91/4 was published:

“Photoluminescence Studies of Silver-Exchanged Cadmium Selenide Crystals.
Modification of a Chemical Sensor for Aniline Derivatives by Heterojunction
Formation,” L.K. Leung, N.J. Komplin, A.B. Ellis, and N. Tabatabaie, J. Phys. Chem.
95, 5918 (1991).

Patents

"Surface-Derivatized Semiconductors with Chemically Sensitive Luminescence",
U.S. Patent 4,710,476 awarded 12/1/87 with A.B. Ellis and H. Van Ryswyk, inventors.
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“A Luminescent Chemical Sensor for Gases", U.S. Patent 4,752,588 awarded 6/21/88
with A.B. Ellis, G.J. Meyer, and G.C. Lisensky as inventors.
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